Abstract Asbestos have been used around the world by physical and chemical characteristics that are a reliable and cost-effective. But asbestos, once called the miracle of mineral, is now a quiet time bomb. Asbestos hazards have been studied and the government has pursued 'Comprehensive Measures for Asbestos Management' jointly with related departments. As a part of plan, Ministry of Environment is to introduce legislation 'Asbestos Safety Management Act' through Environment Announcement No. 2010-108. The same Act. 24 shows as follows. Minister of Environment or governor should do survey on the actual condition targeting rural buildings with slates and partly or fully fund to dissolve, remove asbestos slate which was used in each building. However, the local survey was only conducted by each municipality regionally.
INTRODUCTION

Background and Purpose
House is like a bowl where people live in so that people can be healthy when the house is healthy 1 . Asbestos cement, which has been used together as the economic development in 1960, is need to be replaced because it may be scattered due to deterioration 2 . Asbestos, once called as the mineral of miracle, is now turning into a time bomb 3 . Especially use of asbestos was banned due to revision of Industrial Safety and Health Law in Feb. 2009 , it is urgent to demolish and dissolve asbestos cement slates. In this regard, the government is recommending 'Comprehensive Measures for Asbestos Management' by collaboration with related departments 4 . As a part of such effort, the Ministry of Environment announced legislation of Asbestos Safety Management Act through Notice 2010-108 of Ministry of Environment. The Article 24 of the same act stipulates that the Minister of Environment, Mayor or Governor should examine the current situation on slate farm houses, and support all or part of costs for demolition, removal or disposal of asbestos used for the relevant building. However, only some local governments have performed local examination, and there was no data on actual status of asbestos cement slate building in nationwide farming and fishing village per region, use or construction year, as well as standards for disposal cost. In this light, this study aims to analyze distribution feature of asbestos cement slate in nationwide farming and fishing village, calculate the waste slate disposal cost and present such standards.
Scope and Method of Study
To calculate disposal cost of waste slates, 103 buildings in 8 myeon-level farming and fishing villages were examined and 7 waste slate disposal companies were selected to calculate generation of asbestos cement slate per unit area as well as formula of disposal cost. To examine distribution feature of asbestos cement slate in farming and fishing village, building ledger of Saewumteo (e-AIS) was collected from the Ministry of Land, Transport and Maritime Affairs. A total of 1,979,668 building ledgers in 86 guns were collected(As of Apr. 2010) and asbestos cement slate buildings were analyzed per region, use and construction year. In addition, by summarizing analysis result of building ledger and cost formula, this study calculated the old waste disposal cost in nationwide farming and fishing villages. Fig.1 shows the overall trend of this study. (2) Overview of Building Register
Fig.1. Flowchart of Study
THEORETICAL CONSIDERATION
Overview of Asbestos Cement
Building register was specified in Article 38•39 of Building Act and Article 25 of enforcement ordinance of the same act. In addition, it is specified in details in 'Rules on Indication and Management of Building Ledger' . Administration materials related to building include building ledger, taxation article and illegal building management ledger and the building ledger is the basis of construction information 10 . It is suitable for analyzing the construction year and nationwide use status of slate roof materials since the building ledger contains basic information of land area, building area, total floor area, building-to-land ratio, roof materials, construction year and use. Since it only contains data on buildings legally approved, there are some missing information on illegal buildings 11 .
Definition of Farming and Fishing Village
Farming and fishing village is the area notified by the Ministry of Food, Agriculture, Forestry and Fisheries in consideration of agricultural and fishing industry, industries related to agriculture and fishery, farming and fishing population and living circumstances in the region among A. Eup, Myeon region, B. Other regions in addition to A 12 . Class B is not specified in the enforcement ordinance or rule of the same act. Accordingly, gun-unit administrative district was included in this study as it corresponded to farming and fishing village including eup and myeon. Gun-unit administrative districts in metropolitan city were also included. Eup and myeon area in the administration district of city unit were excluded as they were considered to correspond to peripheral region of the city. In this regard, this study defined gun-unit administrative district of Busan metropolitan city, Daegu metropolitan city and Ulsan metropolitan city all gun-unit administrative districts in 8 provinces throughout the country.
Consideration on Precedent Study
Among recent studies on asbestos slate in addition to the studies on harmfulness of asbestos, Jeong, Da Wi et. al (9 person ▷Second pollution is expected, which is scattered to the air again after evaporation of rainfall.
▷Emphasize necessity of ultimate removal as well as management actions such as over-painting and sealing depending on degree of damage respectively, and analyzed the discharge of asbestos fiber from deterioration of slate roof using polarizing microscope and phasecontrast microscope. Table 3 shows the results of each study. However, there is a limit in such studies in that the number of samples were few and the results were obtained through sample survey so that it would be difficult to generalize buildings of asbestos cement slate which are widely distributed in farming and fishing village. In this regard, this study analyzed the buildings of all farming and fishing villages throughout the country per region, use and construction year and calculated disposal costs for each cases.
SURVEY OVERVIEW AND CALCULATION OF FORMULA
Overview of Survey Areas and Survey Methods
To calculate the generation of asbestos cement slate per unit area in a total of 103 buildings at 8 myeon-unit farming and fishing villages in 8 provinces throughout the country, 2 or 3-person investigator team visited the sites in the unit of ri, myeon and eup through subsequent visiting and performed actual measurement. Contents of survey include location of land, building area, use of building, structure, roof material, roof type(gambrel roof, hipped roof, hip-and-gable roof), eaves expansion, eaves expansion area, type of slate and number of slate. Building area was calculated using general area calculation method through ruler and laser measuring instrument in comparison with building ledger, and the experimental value was first applied. Area of asbestos cement slate used for roof materials was calculated by multiplying the number of slates in reference to slate specification if, for example, 60 sheets of small type slates for house No. 9 were used so that it was calculated to be 1.7424×60m 2 (see table 2 ). Present status of survey area was as shown in the table 4. Fig. 2 shows photos of actual measurement through field visiting.
Overview and Result of Questionnaire
Nationwide 7 waste asbestos disposal companies were given with questionnaires to calculate the final disposal costs of asbestos cement slate. It was divided into demolition•dismantling cost, transportation cost and reclamation cost, and included costs for demolition, dismantling cost of pure slate, spraying of chemicals preventing scattering, cost of double-pole and horizontal scaffolding outside building, wearing of protective mask and consumable materials and mobilization of cranes. Table 5 shows the costs for demolition, dismantling, transportation and reclamation of asbestos cement slate including details. 
Calculation of Formula for Calculation of Disposal Cost
Regression analysis was performed to calculate the generation of asbestos cement slate per building area through field survey on 103 buildings throughout the country. Here, the area of building is calculated by width x length of outer wall of building and the floor area is expressed as the area of asbestos cement slate. As a result of analysis, roof area of asbestos cement slate per building area including the type of gambrel roof, hipped roof and hip-and-gable roof was found to be as shown in Fig. 3 . The formula generally used to calculate roof area in building area is building area×(1.3~1.6) as used in the commercial company. It includes the loss in terms of execution, and excludes eaves expansion, duplication of width and length(about 1.16 times) due to feature of slate execution. Accordingly, this field survey was conducted as it requires the formula of roof area per building area of slate only. Weight of asbestos cement slate per unit area is generally 10.5kg(See table 2 ). Accordingly, formula(1) was obtained by combining the generation of asbestos cement slate of asbestos cement slate building per unit area with regression formula in Fig. 3 . In addition, by reflecting the results of questionnaire, we converted ton unit to kg unit, and calculated the costs of demolition, dismantling, transportation and reclamation of asbestos cement slate as shown in the following formula (2), (3), (4) and expressed the total disposal cost as shown in the formula (5). 
Slate Emission(kg) = (1.428×S A +25.98)×10.5 ------------(1) CostD = (1.428×S A +25.98)×25,000 ------------------------(2) CostT = (1.428×S A +25.98)×10.5×20 -----------------------(3)
CostL = (1.428×S A +25.98)×10.5×255 ----------------------(4)
Slate
DISTRIBUTION FEATURE OF ASBESTOS CEMENT SLATE IN FARMING AND FISHING VILLAGE AND CALCULATION OF DISPOSAL COST
General Status of Farming and Fishing Village
Total number of buildings in nationwide 86 guns classified as farming and fishing village was 1,979,668 and total building area was found to be 269,113,734m 2 . To examine percentage of buildings in farming and fishing village per use, the use of 28 buildings indicated in Article 2 (2) of Building Act. was classified into the house, factory, warehouse, stable, other facilities and notindicated. As a result of analysis, the percentage of house was highest with 66.98% in terms of number of buildings, and 33.08% in terms of building area. To examine the percentage of buildings at farming and fishing village per construction year, buildings before 1960's to 2000's were classified in chronicle order and analyzed. The percentage of buildings of which construction year was not indicated was 12.40%, percentage of building area, 6.11%. As a result of analysis except non-indicated values, the period before 1960's was highest with 27.17% in terms of number of buildings, Hongcheon-gun, Hoengsong-gun, Youngwol-gun, Pyeongchang-gun, Jeongseon-gun, Cheolwon-gun, Hwacheon-gun, Yanggu-gun, Inje-gun, Goseonggun, Yangyang-gun Chungbuk 9
Cheongwon-gun, Boeun-gun, Okcheon-gun, Youngdong-gun, Jeongpyeong-gun, Jicheon-gun, Goesan-gun, Eumseong-gun, Danyang-gun
Chungnam 9
Keumsan-gun, Dangjin-gun, Buyeo-gun, Seocheongun, Yeongi-gun, Yeosan-gun, Cheongyang-gun, Taean-gun, Hongseong-gun Jeonbuk 8 Wanju-gun, Jinan-gun, Muju-gun, Jangsu-gun, Imsil-gun, Sunchang-gun, Gochang-gun, Buan-gun
Jeonnam 17
Damyang-gun, Kokseong-gun, Gure-gun, Goheunggun, Boseong-gun, Hwasun-gun, Jangheunggun, Gangjin-gun, Haenam-gun, Youngnam-gun, Muan-gun, Hampyeong-gun, Youngkwang-gun, Jangseong-gun, Wando-gun, Jindo-gun, Shinan-gun
Gyeongbuk 13
Gunwi-dun, Uiseong-gun, Cheongsong-gun, Youngyang-gun, Youngdeok-gun, Cheongdogun, Koryong-gun, Seongju-gun, Chilgok-gun, Yeocheon-gun, Bonghwa-gun, Uljin-gun, Ulleunggun
Gyeongnam 10
Geochang-gun, Goseong-gun, Namhae-gun, Sancheong-gun, Uiryeong-gun, Changnyeonggun, Hadong-gun, Haman-gun, Hamyang-gun, Hapcheon-gun Table 6 . Present Status of Target Areas and 1990's was highest with 39.62% in terms of building areas. Fig. 6 shows present status of target areas, Table 7 shows the percentage per use and Fig. 4 shows the percentage of building per construction year.
Fig. 4. Percentage of Buildings at Farming and Fishing Village per Construction Year
To examine the percentage of asbestos cement slate building in farming and fishing village, we classified roof materials indicated in building ledger into slates, (reinforced) concrete, roof tile and not indicated. Among them, the number of buildings that use slate as roofing was a total of 573,506 buildings and its building area was 45,432,404m 2 . Accordingly, the percentage of asbestos cement slate in farming and fishing village was 28.97% in terms of number of buildings and 19.88% in terms of building area. Present status of buildings at farming and fishing village per roof materials is as shown in the Table 8 .
Percentage of Asbestos Cement Slate per Region, Construction Year and Use (1) Percentage of Asbestos Cement Slate per Region
We examined the percentage of asbestos cement slate in farming and fishing village per region. In terms of number of building, Ganghwa-gun, Incheon metropolitan city recorded highest with 31.17% among metropolitan areas. Among ordinary provinces, Jeonlabuk-do recorded highest percentage with 34.65%, followed by Jeonlanam-do with 33.59% and Gyeongsangnam-do with 32.98%, and Gyeongsangbuk-do with 31.01%. In terms of building area, Dalseong-gun, Daegu metropolitan city recorded highest with 18.95% among metropolitan areas and among ordinary provinces, Gyeonggi-do recorded highest percentage with 25.61%, while Gijang-gun, metropolitan city showed lowest with 1.67% and Chungcheokbuk-do with 10.18%. In all areas, the area of percentage was found to be lower than the percentage of numbers, which seems to be attributable to the fact that building with asbestos cement slate has smaller areas than ordinary building. Busan metropolitan city was found to have biggest difference in percentage. Fig. 5 shows the percentage of asbestos cement slate building in nationwide farming and fishing village per areas. with 47.99%. What is remarkable was the fact that they are decrease trend in terms of number of building, while it was increase trend gradually up to 1990's. In addition, it was found out that the building of asbestos cement slate became bigger in 1990's. Fig. 6 shows the percentage of asbestos cement slate building in farming and fishing villages per construction year except those not indicated.
(3) Percentage of Asbestos Cement Slate by Use
To examine the percentage of asbestos cement slate in farming and fishing village per use, we classified use of building into house, factory, warehouse, stale, other facilities and those not indicated and analyzed them. The number of buildings with use not indicated was 0.81% and building area was 1.41%. As a result of analysis except those not indicated, house recorded highest with 73.02% in terms of number of house and 36.45% in terms of building area. In particular, the stale was found to record over-whelmingly high percentage of areas than that of numbers, which seems to be attributable to the fact that asbestos cement slate was used in bulk to sale Fig. 7 shows the percentage of asbestos cement slate in farming and fishing village per use except those not indicated.
Distribution Feature of Asbestos Cement Slate in Farming and Fishing Village per Construction Year within Use
To examine distribution feature of farming and fishing village asbestos cement slate building, we classified them per use, and then per construction year, and analyzed them in terms of number and building areas. While building before 1960's recorded 57.22% in terms of number and 50.53% in terms of areas, in case of house, and then showed gradually decrease trend. In case of non-houses, buildings of 199's were found to take highest percentage in terms of number and area. In particular, the percentage of 1990's was 65.71% for stale and 41.25% for factory in terms of number, while it was 80.23% and 61.42%, respectively in terms of area, showing that they are used in bulk and concentrated in 1990's. With regard to Fig., highest quantity of asbestos cement slate was used in 1990's in all buildings including house and the cause is attributable to massive use of asbestos cement slate by non-house building. In particular, given the fact that thatched roof slate roof improvement project led by government from 1971 to 1976 14 was not reflected in the date of approval in building ledger, most houses are asbestos cement slate building before 1970's. However, since distribution of asbestos cement slate between house and non-house building per construction year shows clear difference, it should be considered in government measure to demolish or dismantle such building. Fig. 8 shows the present status of asbestos cement slate building per construction year per use in terms of number of farming and fishing villages, while Fig. 9 shows present status in terms of areas. 
Calculation of Disposal Cost of Asbestos Cement Slate
We combined results of field measurement, results of questionnaire and analysis result of building ledger and calculated disposal cost of asbestos cement slate per region, use or construction year. To calculate the disposal cost of asbestos cement slate per region, we obtained the building area of asbestos cement slate per region, and calculated using following formula and applied formula(5). To dispose all asbestos cement slates in farming and Since Gijang-gun, Busan metropolitan city recorded lowest building area of asbestos cement slate with 98,567m 2 , its disposal cost was lowest with about 3.9 billion won. Jeonlanam-do recorded highest building area of asbestos cement slate with 13,026,754m 2 and highest disposal cost of about 518.8 billion won. Table 10 shows the building area and disposal cost of asbestos cement slate per region.
We calculated disposal cost of asbestos cement slate per use and construction year. Building area of which construction use was not indicated was 641.328m 2 and disposal cost was calculated to be about 25.5 billion won. As house recorded highest building area of 16,327,113m 2 and its disposal cost was also highest at about 650.2 billion won. Along with this, the sale took high percentage of building area with 14,553,331m 2 and disposal cost of about 579.5 billion. In terms of construction year, 1990's recorded highest area with 19,663,941m 2 and disposal cost of 783 billion won (including those not indicated). Table 9 shows disposal cost of asbestos cement slate per use and construction year of farming and fishing village.
CONCLUSION
This study was conducted with field survey of 103 buildings in 8 provinces to calculate the generation of asbestos cement slate and telephone polls on 7 final waste asbestos disposal companies. In addition, we analyzed all building ledgers of Ministry of Land, Transport and Maritime Affairs Saewumteo(e-AIS), targeting all gun-unit administrative districts and calculated final disposal cost of waste asbestos. Following are the results of the study.
First, as a result of field visiting on 103 buildings in national provinces to calculate the generation of asbestos cement slate per unit area, the generation of asbestos cement slate per unit area was as shown in formula (1). Results of telephone poll targeting 7 waste asbestos final treatment companies are as shown in formula (2), (3), (4). By combining the results of field survey and those of telephone polls, final disposal cost formula (5) of asbestos cement slate was obtained.
Second, as a result of analyzing 1,979,668 building ledgers of Ministry of Land, Transport and Maritime Affairs Saewumteo(e-AIS) in 86 guns throughout the country, the total number of asbestos cement slate building in farming and fishing village was found to be 573,506 and total building area was 45,432,404m 2 . It took 28.97% in terms of number of buildings and 19.88% in terms of building area. With regard to percentage of asbestos cement slate building per region, Jeonlabuk-do recorded highest with 34.65%, Gyeonggi-do recorded highest with 25.61% in terms of building Fourth, it was found that there was difference between the percentage distributions of house and non-house asbestos cement slate per construction year. Buildings before 1960's were highest among houses and those in 1990's were highest among non-houses. Accordingly, it should be considered in future government policy and legislation related to demolition and dismantling of asbestos cement slate in farming and fishing villages.
Fifth, total disposal cost of asbestos cement slate in the farming and fishing village was expected to be about 1 trillion and 809.3 billion won. Per region, Jeonlanam-do recorded highest building rate of asbestos cement slate with 13,026,754m 2 and highest disposal cost of about 518.8 billion won. In terms of use, house recorded highest area distribution with 16,327,113m 2 , followed by stales of 14,553,311m 2 . Disposal cost was found to be about 650.2 billion won and 579.6 billion won. In terms of construction year, those built in 1990's recorded highest area 78,308,837m 2 and highest disposal cost of 783 billion won.
Distribution feature of asbestos cement slate in farming and fishing village drawn as a result of this study is expected to be of great help in preparation of comprehensive plan and supports related to demolition and dismantling focusing on farming and fishing village in the future. In addition, it is also expected to contribute much preliminary investigation and establishment of work plan for demolition and dismantling of asbestos cement slate with development of formula that can calculate generation of asbestos cement slate and disposal cost based on building area. Accordingly, it can be used as a preliminary data for development of integrated asbestos management system for proper disposal and database of asbestos cement slate buildings included in future study plan.
